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Background Stress is a consequence of different types of external demands, most of which have been shown to be associated with increased risk of ischaemic heart disease (IHD), but whether accumulation of stressors over a life-course results in additional risk of IHD remains unknown. This study investigates the impact of major life events (MLE) in childhood, adulthood and at work, singly and accumulated, on incident IHD in men and women and examines vital exhaustion (VE) and use of tranquillizers as potential mediators.
Material and methods
The study includes 8738 participants, 57% women, from the third wave of the Copenhagen City Heart Study, who in 1991-93 answered a range of questions on MLE, VE and use of tranquillizers. The participants were followed in a nationwide hospital discharge register until 2007.
Results
During follow-up, 653 experienced a first-time incident of IHD. In general, there were no associations between MLE and incidence of IHD. However, being placed in care during childhood was associated with a higher risk of IHD among women [hazard ratio (HR) ¼ 
Introduction
There is growing evidence to support a relation between psychosocial stress and higher risk of ischaemic heart disease (IHD). [1] [2] [3] [4] This includes external demands or stressors like childhood deprivation 5 and major life events (MLE) such as loss of a child, 6 divorce 7 and unemployment. 8, 9 However, not all studies support such associations. A Canadian study, which included only men, found no associations between a range of stress exposures and IHD. 10 Only few of the previous studies on this topic have been prospective in design, and the controversies on the association between psychosocial stress and IHD may be partly due to differences in study designs. Additionally, many previous studies have been based on self-reported measures of both psychosocial exposures and IHD symptoms, which may have induced misclassification. Finally, studies on stress and IHD have usually addressed one type of stressor at one point of time. This does not elucidate whether the impact of stressors on IHD is similar for all kinds of stressors or whether accumulation of stressors increases the risk of IHD.
Stress is a consequence of different types of external demands, which in this study are measured by MLE. Accumulation of MLE might fruitfully be investigated in a life-course perspective. Life-course epidemiology includes the theory that exposure to potential risk factors during sensitive periods may increase the risk of adverse health outcomes, and is based on an assumption that the number, intensity and timing of adverse exposures may be of importance for a detrimental effect on health, probably through causal chains between different exposures. First, we hypothesize childhood to be a window of sensitivity and consequently exposure to MLE in this period will particularly increase the risk of IHD. Second, we hypothesize that the MLE experience in several life domains may show a particular detrimental effect on IHD risk.
MLE in childhood and adulthood has, previously in the same study population, been found to be associated with a moderately higher risk of stroke, 11 but not with myocardial infarction (MI). 11, 12 The present study distinguishes itself from this previous work by including MLE in work-life, which is an established risk factor for IHD, and investigates different trajectories of single and accumulated MLE. Furthermore, this study on IHD has a 6-year longer follow-up period and consequently more statistical power.
The link between stress and IHD is likely to be mediated through other psychological states such as depression and fatigue. MLE has been linked to poor mental health and 20% of the persons who have experienced MLE develop depression. 13 Studies have documented that individual risk factors for IHD such as depression, 14 vital exhaustion (VE), [15] [16] [17] [18] anxiety, personality factors and social isolation 35 are all closely related to psychological stress. Such psychological states have been found to activate the sympathetic nervous system and the HPA-axis; which are known to affect the cardiovascular, the metabolic and the immune system. 19 Also, these states are likely to affect important behavioural risk factors for cardiovascular disease such as smoking, exercise and sleep. 13 A potential psychological pathway between MLE and IHD is therefore likely to include chains of mental risk factors like VE and poor mental health. VE has previously been shown to prospectively predict IHD in the same population, 18 but no studies have to our knowledge carefully investigated the association between MLE and psychosocial risk factors as potential intermediates between MLE and the risk of IHD.
Due to the notable sex differences in the prevalence of stress and MLE, the physiological mechanisms underlying IHD and the incidence rates of IHD, 21 we find it relevant to investigate whether types, levels and reporting of MLE differ across sexes, and thereby contribute to the explanation of the gender differences in heart diseases. 21, 22 The aim of this study is in a prospective design to investigate the impact of MLE in childhood, adulthood and at work, singly and accumulated, on the risk of incident IHD with a special emphasis on: (i) exploring whether MLE in the three life domains are equally important risk factors and whether the accumulation of MLE further increases the risk of IHD, (ii) examining VE and use of tranquillizers as potential mediators between MLE and IHD and (iii) evaluating gender differences.
Material and methods
Study population
The study is based on data from an ongoing longitudinal population study: the Copenhagen City Heart Study (CCHS). 23 The study comprises an age-stratified random sample of 14 223 men and women aged 20-93 years from a defined area of central Copenhagen. The study was initiated in 1976-98, and information on each subject was gathered by means of self-administered questionnaires, clinical examinations and blood samples. The participants were re-examined in 1981-83, 1991-94 and in 2001-03. At each wave, the entire original sample and a number of new participants in the youngest age-stratum (20-50 years) were invited and additional assessments were included in the questionnaires. For the third re-examination (1991-94), which forms the baseline of this study, the questionnaire included a broad range of questions on psychosocial factors. In total, 16 563 persons were invited, and 10 135 participated, of whom 2360 were newly enrolled persons. Participants diagnosed with IHD prior to baseline (n ¼ 391), with missing information on MLE (n ¼ 60) or potential confounders (n ¼ 946) were excluded, leaving 4981 women and 3757 men for the analyses.
Variables
MLEs
The self-administered questionnaire included questions on MLE in three different life domains. These questions were based on a shorter and modified version of the Social Readjustment Rating Scale 24 and could be answered 'yes/no'. All items were analysed separately and were for the accumulation analyses categorized into three life-course subsets: Within each subset, we excluded individuals with missing answers to all items. For the adulthood section missing answers on questions related to children were recorded as 'No' for those reporting having no children (n ¼ 2190). For work-life missing answers related to colleagues were recorded as 'No' for those who were self-reported housewives (n ¼ 245).
Accumulated MLE
These were coded into eight mutually exclusive groups: no MLE, childhood, adulthood, work-life, childhood plus adulthood, childhood plus work, adulthood plus work, childhood, adulthood and work, with no MLE as reference group.
Potential psychosocial mediators Vital Exhaustion
Vital Exhaustion (VE), a measure of depression and fatigue during the last 6 months, was estimated by using a 17-item questionnaire modified from Appels. 25 Positive responses were summed for each person and subsequently categorized as 0, 1-4, 5-9 and 10-17 scores. The population was defined as exposed to VE if the score was 510. Information on daily use of 'tranquillizers', used as a proxy for deprived mental health, was self-reported as no/yes.
Other confounders/mediators A broad range of well-known contributing causes of MI was assessed for each participant at baseline, year 1991-94. 'Family history of MI' was self-reported yes/ no. 'Cohabitation' was categorized as living alone or not. In 2000, the study population was linked to register with socio-economic information in Statistics Denmark using the person identification number as a key. The present study uses register data on education from 1990, which is the year nearest before the baseline examination. Education was classified in three categories according to the International Standard Classification of Education (ISCED)-system (UNESCO 1997): (i) up to 10 years of education (ISCED level 0-2), (ii) 11-12 years of education (ISCED level 3) and (iii) 513 years of education (ISCED level 4-6). Life-style factors could be confounders, but are probably intermediate variables and measured as follows. Tobacco consumption was categorized into neversmokers, ex-smokers, current smokers of 1-15 g tobacco per day and current smokers of 415 g tobacco per day. Alcohol consumption was categorized according to weekly intake: no alcohol consumption, 1-7, 7-14, 15-21 and 421 U. Physical activity in leisure time was categorized as: none/little, 2-4 h of light activity and moderate activity 44 h/week including competition level. Body mass index (BMI) was categorized as: <18.5, 18.5 to <25, 25 to 430 and 430. To assess satisfaction with social network participants were asked 'How satisfied are you with your social contacts?' (very satisfied/somewhat or very dissatisfied).
Follow-up
Participants were followed from date of third examination till the date of incident IHD or end of the follow-up on 31 August 2007. The endpoint was defined as incidence of first IHD, whether fatal or non-fatal. Cause of death was obtained from the National Death register and cases of inpatient care for IHD were obtained from the National Hospital Discharge Register. IHD was defined according to the International Classification of Diseases: 8th revision code 410-4, and 10th revision code I21-I25. Validity studies of the data submitted to the National Hospital Discharge Register on MI have indicated that register-based data are relatively reliable. 26 
Statistical methods
The association between MLE and incidence of IHD was analysed using Cox's proportional hazards regression models, with age as underlying time scale. Initially we analysed the association between each single MLE in childhood, adulthood, work-life and IHD. We then estimated hazard ratios (HRs) and 95% confidence intervals (95% CIs) for accumulated MLE and IHD. A Cox model was fitted to adjust for the following potential confounders: cohabitation, education and parental MI. Health-related behaviours including tobacco, alcohol, physical activity in leisure time and BMI are most likely intermediate variables between MLE and IHD, but could also confound the association between MLE and IHD. We thus fitted a third model to further adjust for behavioural risk factors. The proportional hazards assumption was evaluated for all variables by comparing estimated log-log survivor curves over the different categories of variables being investigated, and by tests based on the generalization of Grambsch and Therneau. 27 All survival analyses were carried out for women and men separately. Finally, we assessed the associations between MLE and VE and daily use of tranquillizers, respectively, in logistic regression models. These analyses were adjusted for potential confounders including health-related covariates. Since the associations were very similar for men and women, all logistic regression analyses were based on men and women combined.
Results
During follow-up, 653 subjects were diagnosed with IHD: 328 men and 325 women. Baseline characteristics by number of MLE are given in Table 1 . The mean age was 57 years and ranged from 21 to 93 years. The results show that among those who had experienced more than one MLE in adulthood a higher proportion was women, lower educated and with a family history of MI compared with those who had no MLE in adulthood. In total, 14% of the women and 19% of the men experienced no MLE and 20% experienced MLE in childhood, adulthood and in their work life.
From Tables 2 and 3 , it is evident that long-term illness among parents in childhood and in close family members in adulthood and serious marital problems are the most common MLE. Job loss is also common among men. Except from being placed in care outside the home during childhood, which was associated with a higher, but statistically insignificant, risk of IHD, HR ¼ 1.36; 95% CI 0.97-1.89, neither of the single life events in childhood, adulthood or work-life were found to be related to IHD incidence among women (Table 2) . Unexpectedly, being placed in care outside the home, HR ¼ 0.72; 95% CI 0.51-1.03, and self-experienced serious accident or long-term illness, HR ¼ 0.68; 95% CI 0.50-0.92, were associated with a lower risk of IHD in men ( Table 3 ). The inclusion of MLE in childhood did not change the estimates either among women or among men (data not shown).
To test the hypothesis, that accumulation of stress across the life-course predisposes to IHD, we created a variable measuring MLE within different life domains. Although we found no effect of the single MLE in adulthood and work-life, Table 2 shows that the accumulation of these exposures was associated with a multiple-adjusted higher risk of IHD among women, HR ¼ 1.70; 95% CI 1.06-2.72. Further adjustment for VE as a potential mediator attenuated this estimate, HR ¼ 1.62, 95% CI 1.01-2.60 (data not shown). Apart from this result, there were no associations between accumulated MLE and incidence of IHD in either men or women. Looking at potential mediators, we saw that for VE, HR ¼ 1.71; 95% CI The official limit of sensible drinking is 14 U/week for women and 21 for men.
MLE AND IHD 1.23-2.37, and daily use of tranquillizers, HR ¼ 1.59; 95% CI 1.19-2.12, were both associated with a higher risk of IHD among women ( Table 2 ). The direction of the associations between potential mediators was similar, but not statistically significant among men (Table 3) .
To explore whether MLE were associated with psychological risk factors, we investigated the relation between MLE and two indicators of suboptimal mental health (VE and daily use of tranquillizers). As shown in Table 4 , we found a relatively strong association between MLE and VE 510 scores, and 
Discussion
In this large prospective study with 15 years of follow-up, we found no associations between the accumulation of MLE and incidence of IHD and our results did therefore not support the accumulation hypothesis. However, the accumulation of MLE was strongly associated with both VE and use of tranquillizers as a proxy for depression, which are known risk factors for IHD.
Looking at each MLE singly, a lower risk of IHD was found among men who had been placed in care outside the home during their childhood or who reported having been seriously ill in adulthood. A higher risk of IHD was found among women who had been placed in care or who reported being exposed to MLE both at work and in adulthood. However, the results did not show a consistent pattern and might well be due to chance.
From a life-course perspective, it was expected that exposure to MLE in childhood would particularly increase the risk of IHD. Previous studies have shown that poor childhood socio-economic conditions even after adjusting for socio-economic position in adulthood 20, 28 and adverse experiences like abuse, household dysfunction and neglect 29, 30 were associated with higher risks of IHD. Our results showed that being placed in care during childhood, which could be a proxy for household dysfunction, was associated with an insignificant, but higher risk of IHD among females, but a lower risk among males. A study from the USA demonstrated a strong relation between adverse childhood experiences and use of psychotropic medications in adulthood, 30 which is accordance with the association between childhood MLE and use of tranquillizers found in our study. Our results, however, do not support childhood to be a window of sensitivity for a very much higher risk of IHD.
Causal pathways
Even though the impact of MLE on IHD was almost absent, our results showed, in accordance with previous studies, that VE 18 and tranquillizers were associated with higher risks of IHD. We therefore studied the association between MLE and these well-known psychosocial risk factors for IHD and found that MLE were associated with VE and daily use of tranquillizers in a dose-dependent manner. Accordingly, a recent Danish study has shown that people exposed to MLE in childhood, adulthood and at work have a dose-response relation to poor mental health. 31 However, given these strong associations with potential mediators, it is puzzling that stressors like MLE seem unrelated to the risk of IHD. One may, therefore, speculate on other potential mechanisms.
The causal pathway between MLE and IHD may also be concealed due to effect modification. This might be the case if people reporting MLE are characterized by some protective effects such as a robust personality, moderate alcohol consumption or physical activity. Personal characteristics and interpersonal contexts as capabilities of coping with MLE might modify the effect of MLE on IHD. 32 The lower risk of IHD observed among men placed in care outside the home could thus indicate development of a personal robustness. Lower risks of IHD have been demonstrated in a Japanese study among people who are relatively unaffected by MLE and able to show a higher level of life enjoyment. 33 Although we cannot fully address this issue in the present study, we found a higher proportion of those who had experienced one or more MLE to also be dissatisfied with their social network (Table 1) , which does not support the robustness hypothesis. We used a measurement of MLE covering multiple items from three life domains, which have been previously used in studies from the same study population. These studies showed a moderate association between MLE in childhood and adulthood and stroke, but no significant associations were found with MI or with heart failure (NH Rod et al., submitted for publication). This could not only indicate the existence of different aetiological pathways for sub-diagnoses of cardiovascular diseases, 34 but also that MLE are not a major risk factor for heart diseases.
Strengths and limitations
The strengths of this study include the large sample size, the long follow-up period and linkage to validated registers. There are, however, important limitations to the study. The self-reported nature of the MLE may induce misclassification, because an individual's perception of the impact of a situation can be variable and the situations themselves change frequently. The reporting of serious marital problems may be interpreted differently in different couples, at different times as well as among men and women. We accounted for the latter by stratifying the analyses by gender, and found gender divergent results only related to being placed in care. A Canadian study included the self-perceived impact of psychosocial stress, but found no important associations between stress and IHD. 10 However, MLE are, despite being self-reported, less vulnerable to misclassification than most other psychosocial measures.
A second limitation is related to the time-span between exposure and event. One reason why we do not find any association between MLE and IHD could be that MLE, similarly to perceived stress, may have a short-term effect on the risk of IHD. 34 Studies on acute stress show that the highest relative mortality occurred immediately after bereavement and natural disasters and was similar to the background population levels after 1 month. 35 If psychological stress only has a short-term effect on the risk of IHD and MLE among a majority of the population happened years ago, this could explain why we only find a very weak relationship to IHD incidence up till 415 years later. 10 Lastly, it has to be considered whether MLE included in this study express stressful life events.
Psychological stress may be a result of an individual perceiving an imbalance between environmental demands and his/her adaptive capacity. 13 If MLE are perceived as stressful events, they may be defined as psychological stress. Accumulation of MLE over a life-course was expected to have an effect on the risk of IHD due to changes in emotional, physiological and behavioural responses that influence susceptibility to and course of the disease. 36 We found no support for the accumulation hypothesis on the risk of IHD. Misclassification cannot be excluded if people exposed to MLE in more life domains develop a kind of robustness and therefore under-report MLE. However, the lacking associations point to the importance of how we should conceptualize and measure life stress. 37 What are the contributing causes on which we should condition in order to categorize MLE as stressful life events? However, even though we found no associations between MLE and IHD, it is important to identify differences in vulnerability to the potential pathogenic effects of stressors like VE and poor mental health. This vulnerability may explain why we find a dose-response association between MLE and VE, and use of tranquillizers, respectively.
Conclusion
In this population-based prospective study, we find no associations between the accumulation of MLE and IHD, but we find MLE has a dose-response association with cardiovascular risk factors like VE and poor mental health. The results point to the need to identify differences in vulnerability to psychosocial effects of MLE and underscore the problems of how to conceptualize and measure MLE.
